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Encased Cantilevers for Ultra-Low-Noise Force Spectroscopy of Proteins
and Ligand Receptor Complexes
Dominik Ziegler, Paul D. Ashby.
Lawrence Berkeley National Laboratory, Berkley, CA, USA.
The energy landscapeofproteins foldingandunfoldingorof ligand-receptor bind-
ing can be elucidated by force spectroscopy. Laser tweezers has excellent force
resolution (~10 fN/sqrt(Hz)) but a low force limit, making it poorly suited for pro-
tein pulling. Atomic Force Microscopy has a high force limit but poor force res-
olution (~200 fN/sqrt(Hz)) because of viscous interaction of the water with the
cantilever.To reduceviscous dampingwedevelopedencased cantilevers inwhich
the cantilever is kept dry. Immersed in the solution, surface tension prevents the
liquid from entering into the encasement, and only fewmicrons of the tip protrude
to interact with the sample in solution. The
length of the free cantilever within the en-
casement is easily controlled during fabrica-
tion, hence, ultra short cantilevers with
resonance frequencies>1MHz can be fabri-
cated (Figure1, a and b). Thanks to the low
damping we achieve quality factors of
>100 and minimal detectable forces of 12
fN/sqrt(Hz). The cantilevers can be used in
any conventional AFM setup using beam de-
flection. The low force noise and high force
limitmake encased cantilevers ideal for force
spectroscopy applications.2942-Pos Board B712
The Mechanism of the Formation of Nonadhesive Fibrinogen Matrices
Examined by Atomic Force Microscopy
Ivan S. Yermolenko1, Bryant Doss2, Robert Ros2, Tatiana P. Ugarova1.
1Center for Metabolic and Vascular Biology, School of Life Sciences,
Arizona State University, Tempe, AZ, USA, 2Department of Physics,
Arizona State University, Tempe, AZ, USA.
The plasma protein fibrinogen prevents adhesion of blood cells such as platelets
and leukocytes to various surfaces, including fibrin gels. We have previously
reported that the decrease in cell adhesion results from fibrinogen aggregation
and the formation of an extensible multilayered matrix incapable of transducing
strong mechanical forces through cellular integrins1,2. Here, using the various
capabilities of Atomic Force Microscopy (AFM), we have examined the phys-
ical properties of matrices produced from human plasma fibrinogen (hFg) and
two recombinant fibrinogens: recombinant normal fibrinogen (rFg) and fibrin-
ogen with truncated aC domains (FgAa251). We have determined the thick-
ness of matrices using AFM lithography, and also performed the high-
resolution topographical visualization of single molecules within the matrices.
With force spectroscopy, we have measured the extensibility, adhesion forces
and the energy of AFM tip-fibrinogen matrix interactions. Our results indicate
that hFg and rFg adsorbed at high concentrations form an extensible matrix
containing 8-9 molecular layers. In contrast, FgAa251 forms only 2-3 molec-
ular layers. These data indicate that the aC domains are critically involved in
the formation of a fibrinogen multilayer. Furthermore, the inability of
FgAa251 to form a thick multilayered matrix results in sustained cell adhesion,
unlike hFg which completely prevents cell adhesion. To evaluate the contribu-
tion of the aC domains to the formation of multilayered matrices, we developed
a model based on intermolecular domain interactions to simulate the adsorption
process for hFg and FgAa251. These findings have implications for processes
where deposition of fibrinogen occurs, such as thrombus formation and adsorp-
tion of fibrinogen on implanted biomaterials.
1. Podolnikova, N. P. et al., Biochemistry, 49, 68-77 (2010).
2. Yermolenko, I. S. et al., Langmuir, 26, 17269-17277 (2010).
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Total Internal Reflection Fluorescence Microscopy, Cell Adhesion, and
Cell Traction Force Measurements on Soft Silicone Gels
Edgar Gutierrez, Alexander Groisman, Eugene Tkachenko.
University of California, San Diego, San Diego, CA, USA.
Substrate rigidity impacts cellular behaviors such as migration, gene expres-
sion, and cell fate. Total Internal Reflection Fluorescence (TIRF) microscopy
enables selective visualization of the dynamics of substrate adhesions, vesicle
trafficking, and biochemical signaling at the cell-substrate interface. Here we
apply high-refractive-index silicone gels to perform TIRF microscopy on sub-
strates with a wide range of physiological elastic moduli, measure traction
forces exerted by cells on the substrate, and perform analysis of the cell spread-
ing and the biochemical signaling that drives this process. We successfully
implemented TIRF on mouse endothelial cells plated on ~30 micron thick
layers of silicone gels with a refractive index of 1.49 and obtained high qualityimages. We also functionalized gel surfaces and covalently bound to them
40nm far-red fluorescent beads that were distributed nearly evenly with
a high surface density. Measurements of displacements of the beads under
cell traction forces made it possible to obtain high-resolution substrate defor-
mation maps that were converted to traction force maps. We show mouse
embryonic fibroblasts (MEFs) spreading over a significantly larger area on
silicone gels of moderate physiological stiffness, 30 kPa, versus those grown
on softer substrates of 0.5 and 3.5 kPa, in agreement with cells grown on poly-
acrylamide substrates of similar stiffness. We developed a novel microfluidic
technique to measure the elastic moduli of thin gel layers and applied it to
characterizing gels made using Sylgard 184 silicone with elastic moduli from
0.4 to 300 kPa. We prepared gel substrates with elastic moduli covering nearly
the entire physiological range in different wells of a 6-well plate. Western-blot
analysis of harvested cells revealed varying levels of phosphorylated Focal
Adhesion Kinase (FAK) in MEFs grown on silicone gels with different elastic
moduli.
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Natural Flexibility of Type I Collagen Molecules
Stephanie L. Holdener.
University of South Florida, Tampa, FL, USA.
Research concentrated around the extracellular matrix (ECM) and its tissue me-
chanics maintains prevalence in the biophysics area. A key player in the human
connective tissue is type I collagen fibrils which make up a significant portion
of the interstitial matrix, basement membranes, and the bone matrix. The for-
mation of fibrils depends largely on individual collagen molecules and assum-
edly the amino acids that compose each helix in type I tropocollagen.
Comprehensive examination of the flexibility within individual type I collagen
molecules has not yet been completed. We have used atomic force microscopy
to image and retrieve objective statistical data about deviations from the natural
curvature in the molecule. This information will allow us to find the ranges in
which the ‘hinges’ are occurring and determine if they are characteristic to the
non-helical or helical domains. Additionally, we can utilize the information
known about the sequence of type I collagen helices and the mechanical prop-
erties of the molecules to match the ranges to specific amino acids.
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The Effect of Tension on Closely Spaced Nicks in Naked DNA Molecules
Wei-Ju Chung, Yujia Cui, Ian C. Hsu.
National Tsing Hua University, Hsinchu, Taiwan.
Cells always protect their genomic integrity from environmental stresses and
harmful chemicals produced during metabolism. Double-stranded breaks(DSB)
in DNA caused by factors such as free radicals or ionizing radiation play an im-
portant role in triggering DNA repair pathways and apoptosis. These DSBs are
often formed by closely spaced nicks. Although methods exist to quantify sin-
gle nicks on plasmids, the detection of multiple nicks or clustered nicks on
DNAmolecules is not so straight forward. By stretching single DNAmolecules
in low ionic strength buffers, sections containing clustered nicks denature lo-
cally and induce DSB. The detection of closely spaced nicks on double-
stranded (ds) DNA is done by applying tension on DNA molecules with
dual-beam optical tweezers and notating the time at which the DNA breaks
in relation to the starting time (sustaining time). The effects of nicks caused
by the sample preparation process and oxidative agents in the buffer were in-
vestigated. DNA sustaining time under low force (4~6 pN) is around 50 min-
utes in low salt buffer. Higher forces (14~16 pN) cause the sustaining time
to shift toward a shorter time frame (~30 minutes). The sustaining time of
DNA molecules prepulled to a predetermined maximum force (14~16,
24~26, or 34~36 pN) also show shifts toward shorter time.Emerging Single Molecule Techniques III
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Under-Filling Trapping Objectives Optimizes the use of Available Laser
Power in Optical Tweezers
Mohammed Mahamdeh1, Citlali Pe´rez Campos2, Erik Scha¨ffer1.
1Biotechnology Center, TU Dresden, Dresden, Germany, 2Max Planck
Institute of Molecular Cell Biology and Genetics, Dresden, Germany.
For optical tweezers, especially when used in biological studies, optimizing the
trapping efficiency reduces photo damage or enables the generation of larger
trapping forces. One important, yet not-well understood, tuning parameter is
how much the laser beam needs to be expanded before coupling it into the trap-
ping objective. Here, we measured the trap stiffness for 0.5-2 mm-diameter mi-
crospheres for various beam expansions. We show that the highest overall
trapping efficiency is achieved by slightly under-filling a high-numerical aper-
ture objective when using microspheres with a diameter corresponding to about
580a Tuesday, February 28, 2012the trapping-laserwavelength in themedium. The optimal filling ratio for the lat-
eral direction depended on themicrosphere size,whereas for the axial direction it
was nearly independent. Our findings are in agreement with Mie theory calcula-
tions and suggest that apart from the choice of the optimal microsphere size,
slightly under-filling the objective is key for the optimal performance of an op-
tical trap.
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Two-Photon Fluorescence Imaging of Single Fluorescent Proteins Inside
Mammalian Cells
Wei Cheng, Ximiao Hou.
University of Michigan, Ann Arbor, MI, USA.
Exciting progress has been made recently in biophysical techniques that allow
optical imaging of single molecules in live cells. However, imaging of single
fluorescent proteins in live cells is usually limited to bacteria that are small
in size or proteins that are on the cell surface, where excitation through total
internal reflection can be used to reduce fluorescence background and achieve
single-molecule sensitivity. Eukaryotic cells are typically larger in size with
higher autofluorescence background. To achieve single-molecule sensitivity
deep inside a eukaryotic cell is thus challenging. We have used two-photon
fluorescence excited by infrared lasers to reduce autofluorescence background.
We show that single green fluorescent proteins can be imaged deep inside
a mammalian cell using two-photon fluorescence. Discrete stepwise photo-
bleaching of enhanced green fluorescent proteins was observed. The single-
molecule fluorescence intensity analysis and on-time distribution indicate
that two-photon fluorescence is detectable at the single-molecule level deep in-
side a eukaryotic cell. Moreover, it is not necessary to use a pulsed laser for
two-photon fluorescence excitation. A continuous-wave laser that is routinely
used for optical tweezers can be used to excite two-photon fluorescence and
achieve single-molecule sensitivity. These advantages could significantly ben-
efit future application of this single-molecule technique in biological studies.
We present applications of our technique, and demonstrate two-photon fluores-
cence imaging of eukaryotic cells at single-molecule level.
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Inertial Effects of a Small Brownian Particle Cause a Colored Power
Spectral Density of Thermal Noise
Anita Jannasch, Mohammed Mahamdeh, Erik Scha¨ffer.
Biotechnology Center, TU Dresden, Dresden, Germany.
The thermal agitation of fluids leads to the random, jiggling motion of sus-
pended particles known as Brownian motion. The random thermal force acting
on the particles is often approximated in Langevin models by a ‘‘white-noise’’
process. However, fluid entrainment results in a frequency dependence of this
thermal force giving it a ‘‘color’’. While theoretically well understood, direct
experimental evidence for this colored nature of the noise term is still lacking.
Here, we tracked the motion of a particle confined in a very strong and ultra-
stable optical trap near a surface. By the confinement, we were able to directly
measure the color of the thermal noise intensity. Far away from the surface, the
noise intensity increased with the frequency approaching a square-root
dependence with hints of a resonant enhancement. Close to the surface, the
colored-noise amplitude strongly decreased and even reversed its sign. All
our measurements are in quantitative agreement with the theoretical predic-
tions, experimentally verifying a key aspect of Brownian motion. Since
Brownian motion is important for microscopic, in particular, biological systems
and high-resolution biophysical measurements, the colored nature of the noise
and its distance dependence to nearby objects need to be accounted for and may
even be utilized for advanced sensor applications.
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A Method for Time-Resolved Ratiometric Detection of Plasmon Coupling
Between Gold Nanoparticles for Single-Molecule Binding Assays
Diane M. Wiener, Troy A. Lionberger.
University of Michigan, Ann Arbor, MI, USA.
Fluorescence-based single-molecule techniques (and in particular, FRET) are
the current gold standard for observing and measuring dynamic, molecular in-
teractions that occur on millisecond timescales. However, these techniques suf-
fer from the inherent trade-off between fluorescence intensity and
photostability of the fluorescent probes. With unmatched photostability and
high scattering brightness, gold nanoparticles (GNPs) are in many ways ideally
suited to overcoming the limitations of fluorescence microscopy. Additionally,
through the unique plasmonic coupling effects between GNPs, a FRET-like
distance measurement with nanometer resolution is theoretically possible
over distances that are roughly twice the GNP diameter, far exceeding the de-
tectable range of FRET. Previous plasmonic coupling measurements have
been largely limited by the use of white light excitation and detailed spectralcharacterization, both which limit the spatial and temporal resolution because
of the low efficiency in collecting and measuring the scattered light. We
have overcome these limitations through the ratiometric detection of scattered
light from GNPs using only two excitation wavelengths. Using monochromatic
laser excitation and total internal reflection-based dark-field microscopy, we
collected the scattered light from GNPs at the two excitation wavelengths
and used a dichroic mirror to spatially separate the channels on a CCD camera.
As a proof-of-principle to establish this ratiometric approach, we measured the
plasmonic coupling of surface-bound biotin-functionalized GNPs upon binding
neutravidin-conjugated GNPs from solution. Here, we report the first demon-
strated detection of plasmonic coupling between two particles with >25 Hz
temporal resolution. At this time resolution, we observe individual GNP scat-
tering intensities >100 times above background, and observe that the intensity
ratio more than doubles upon binding a second GNP. Importantly, and in con-
trast with previous methods, our technique is fully extendable to faster time-
scales, limited largely by the choice of detector.
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Visualizing Single DNA Molecules in Nanofluidic Channels
Jens Wigenius1, Lena Nyberg1, Fredrik Persson2, Fredrik Westerlund1.
1Chalmers University of Technology, Gothenburg, Sweden, 2Uppsala
University, Gothenburg, Sweden.
Nanofluidic channels have become an important tool for studies of single DNA
molecules. Studies have been done on DNA polymer physics as well as DNA
mapping and DNA/protein interactions. Common for these studies is that the
DNA is homogeneously stained, typically with the bis-intercalating dye
YOYO. While this is beneficial for some studies, there are several applications
where the dyes interferewith the study.YOYOchanges physical properties, such
as charge, persistence length, contour length and winding of the DNA, as well as
causes DNA damage by photonicking when exposed to light. Furthermore, for
studies of interactions between DNA and ligands or proteins intercalating
YOYO competes with the molecule of interest for the available binding sites.
In order to avoid these obstacles we have designed a 50 kbp DNA construct with
quantum dots (QDs) in each end. This construct allows us to study single DNA
molecules in nanochannels without any intercalated dyes, by measuring the dis-
tance between the two fluorescent ends. We demonstrate the effect YOYO-
labelling has on DNA polymer physics and show how this novel DNA construct
can be used for DNA/ligand interaction studies on the single molecule level.
Furthermore, nanostructures have extreme surface-to-volume ratios, leading to
that the negatively charged surfaces are sticky to most hydrophobic and/or pos-
itively charged molecules and particles, including the streptavidin coated QDs
used for end-labelling. We therefore developed a passivation-scheme, based on
PEG, that is resistant to the QDs sticking. The absence of QDs sticking to pas-
sivated nanochannels serves as a general demonstration that can be extended to
most proteins, allowing us to do DNA/protein interaction studies in the nano-
channels using end-labeled DNA.
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Inter-Domain Dynamics of Phosphoglycerate Kinase Studied by
Single-Molecule FRET
Matteo Gabba, Tobias Rosenkranz, Jo¨rg Fitter.
Forschungszentrum Ju¨lich, ICS-5, Molecular Biophysics, 52425 Ju¨lich,
Germany.
Well pronounced domain movements in 3-Phosphoglycerate kinase (PGK) are
assumed to be crucial for a phosphor transfer reaction which is catalyzed by this
enzyme. Using a cysteine double mutant, with fluorescent dyes attached at the
distal ends of each domain of PGK from yeast [1], we performed single mole-
cule Fo¨rster Resonance Energy Transfer (smFRET) measurements together
with substrates: ADP, ATP and 3-Phosphoglycerate (3PG). 2D-plots of the
FRET-efficiency vs. the donor lifetime were analyzed with a two-state model
showing the fast interconversion between two conformations [3]. The ampli-
tude of the inter-dye movement is obtained together with the population of
each state. The connection between dye and domain trajectories was exploited
troughout the analysis of the slowest normal modes, calculated with a Normal
Mode Analysis (NMA). Characteristic times of the domain dynamics were
measured with fluorescence correlation spectroscopy (FCS). The results are
discussed together with earlier findings from neutron spectroscopy [2] and en-
semble FRET measurements [4].
[1] T. Rosenkranz, R. Schlesinger, M. Gabba, J. Fitter, ChemPhysChem, 2011,
12, 704-710.
[2] R. Inoue, R. Biehl, T. Rosenkanz, J. Fitter, M. Monkenbusch, M. Radelescu,
B. Farago, D. Richter, Biophys. J.,2010, 99, 2309-2317.
